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Harold’s Physics of Forces with Pully 
“Cheat Sheet” 

23 April 2021 
 
 

Incline Plane with a Pully 

Physical 
Setup 

 
 

Free Body 
Diagrams 

 

 

 

 

Givens 

𝑚1 = 560 𝑔 = 0.560 𝑘𝑔 
𝜃 = 13.5° 

𝜇𝑘 = 0.003895 
𝜇𝑝𝑢𝑙𝑙𝑦 = 0 

𝑚𝑠𝑡𝑟𝑖𝑛𝑔 = 0 𝑘𝑔 

ℎ1, ℎ2, 𝑎𝑛𝑑 𝑠 = 𝑟𝑎𝑚𝑝 𝑙𝑒𝑔 ℎ𝑒𝑖𝑔ℎ𝑡𝑠 𝑎𝑛𝑑 𝑙𝑒𝑛𝑔𝑡ℎ 

𝑚2 = 140 𝑔 = 0.140 𝑘𝑔 
𝑥0 = 16.2 𝑐𝑚 = 0.162 𝑚 
𝑥 = 78.7 𝑐𝑚 = 0.787 𝑚 

𝒗0 = 0.127
𝑐𝑚

𝑠
= 0.00127 

𝑚

𝑠
 

𝒗 = 145
𝑐𝑚

𝑠
= 1.45 

𝑚

𝑠
 

Observations 

𝒈 = 9.80 
𝑚

𝑠2
 

𝜃 = tan−1 (
ℎ2 − ℎ1

𝑠
) 

|𝒅1| = |𝒅2| 
|𝒗1| = |𝒗2| 
|𝑻1| = |𝑻2| 

𝑻1 − 𝑻2 = 0 

Unknowns 
𝑻1 =  ?  𝑁 

𝑊𝑛𝑒𝑡 =  ?  𝐽 
∆𝐾 =  ?  𝐽 

𝑻2 =  ?  𝑁 
𝑭𝑎 =  ?  𝑁 

𝒂 =  ?  
𝑚

𝑠2
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Equations 

∑ 𝑭 = 𝑭𝑎 = 𝑚𝒂 

∑ 𝑭𝑥1 = 𝑻1 −  𝑭𝑔𝑥1 − 𝑭𝜇𝑘
= 𝑭𝑎 

 

∑ 𝑭𝑦1 = 𝑵 − 𝑭𝑔𝑦1 = 0 

∑ 𝑭𝑥2 = 0 

 

∑ 𝑭𝑦2 = 𝑻2 − 𝑭𝑔𝑦2 = 𝑭𝑎 

 

𝑭𝑔1 = 𝑚1 𝒈 

𝑭𝑔𝑥1 = 𝑭𝑔1  sin 𝜃 

𝑭𝑔𝑦1 = 𝑭𝑔1  cos 𝜃 

𝑭𝜇𝑘
= 𝜇𝑘  𝑵 

 
𝑊𝑛𝑒𝑡 = 𝑊𝜇1 + 𝑊𝑔1 + 𝑊𝑔2 + 𝑊𝑇1 + 𝑊𝑇2 

𝑊 = 𝑭𝒅 cos 𝜃 
 

∆𝐾 = 𝐾𝑓 − 𝐾0 

𝐾 =
1

2
𝑚𝑣2 

 
𝑊𝑛𝑒𝑡 = ∆𝐾 

 

𝑭𝑔𝑦2 = 𝑚2 𝒈 

 
𝑭𝑎 = 𝑀𝒂 

𝑀 = 𝑚1 + 𝑚2 
 

𝑑 = 𝑥 − 𝑥0 

Solve 
 
1) Forces 

𝑭𝑔𝑥1 = 𝑚1 𝒈 sin 𝜃 

𝑭𝑔𝑦1 = 𝑚1 𝒈 cos 𝜃 

 

∑ 𝑭𝑦1 = 𝑵 − 𝑭𝑔𝑦1 = 0 

𝑵 = 𝑭𝑔𝑦1 

𝑵 = 𝑚1 𝒈 cos 𝜃 
 

𝑭𝜇𝑘
= 𝜇𝑘  𝑵 

𝑭𝜇𝑘
= 𝜇𝑘  𝑚1 𝒈 cos 𝜃 

 

∑ 𝑭𝑥1 = 𝑻1 −  𝑭𝑔𝑥1 − 𝑭𝜇𝑘
= 𝑭𝑎 

𝑭𝑎 = 𝑻1 −  𝑭𝑔𝑥1 − 𝑭𝜇𝑘
 

𝑭𝑎 = 𝑻1 −  𝑚1 𝒈 sin 𝜃 − 𝜇𝑘  𝑚1 𝒈 cos 𝜃 
 

∑ 𝑭𝑦2 = 𝑻2 −  𝑭𝑔𝑦2 = −𝑭𝑎 

𝑻2 − 𝑭𝑔𝑦2 = −𝑭𝑎 

−𝑻2 + 𝑚2 𝒈 = 𝑭𝑎 
𝑭𝑎 = 𝑚2 𝒈 − 𝑻2 

 
𝑻1 − 𝑻2 = 0 

𝑻 = |𝑻1| = |𝑻2| 
 

𝑭𝑎 = 𝑀𝒂 
𝑭𝑎 = (𝑚1 + 𝑚2) 𝒂 

𝒂 =
𝑭𝑎

𝑚1 + 𝑚2
 

 
𝒅 = 𝑥 − 𝑥0 = 0.787 𝑚 − 0.162 𝑚 

𝒅 = 0.625 𝑚 

2) Tension 

𝑻 − 𝑚1 𝒈 sin 𝜃 − 𝜇𝑘  𝑚1 𝒈 cos 𝜃 = 𝑭𝑎 
𝑚2 𝒈 − 𝑻 = 𝑭𝑎 

 
𝑻 − 𝑚1 𝒈 sin 𝜃 − 𝜇𝑘  𝑚1 𝒈 cos 𝜃 = 𝑚2 𝒈 − 𝑻 

2 𝑻 = 𝑚2 𝒈 +  𝑚1 𝒈 sin 𝜃 + 𝜇𝑘  𝑚1 𝒈 cos 𝜃 
2 𝑻 = 𝒈 [𝑚2 +  𝑚1 sin 𝜃 + 𝜇𝑘  𝑚1 cos 𝜃] 

𝑻 = (
𝒈

2
) [𝑚2 +  𝑚1 sin 𝜃 + 𝜇𝑘  𝑚1 cos 𝜃] 

𝑻 = |𝑻1| = |𝑻2| 
 



 

Copyright © 2021 by Harold A. Toomey, WyzAnt Tutor                                                                         3
  
  
 

3) Work-
Energy 

𝑊𝜇1 =  𝑭𝜇𝑘
𝒅 cos 180° = −𝑭𝜇𝑘

 𝒅     

𝑊𝑔1 = 𝑭𝑔𝑥1 𝒅 cos 180° = −𝑭𝑔𝑥1 𝒅 

𝑊𝑔2 = 𝑭𝑔𝑦2 𝒅 cos 0° = 𝑭𝑔𝑦2 𝒅         

𝑊𝑇1 = 𝑻1 𝒅 cos 0° = 𝑻1 𝒅                 
𝑊𝑇2 = 𝑻2 𝒅 cos 180° = −𝑻2 𝒅         

 
𝑊𝑛𝑒𝑡 = 𝑊𝜇1 + 𝑊𝑔1 + 𝑊𝑔2 + 𝑊𝑇1 + 𝑊𝑇2 

𝑊𝑛𝑒𝑡 = −𝑭𝜇𝑘
 𝒅 − 𝑭𝑔𝑥1 𝒅 + 𝑭𝑔𝑦2 𝒅 + 𝑻1 𝒅 − 𝑻2 𝒅 

𝑊𝑛𝑒𝑡 = 𝒅 [−𝑭𝜇𝑘
− 𝑭𝑔𝑥1 + 𝑭𝑔𝑦2 + 𝑻1 − 𝑻2] 

𝑻1 − 𝑻2 = 0 
𝑊𝑛𝑒𝑡 = 𝒅 [𝑭𝑔𝑦2 − 𝑭𝜇𝑘

− 𝑭𝑔𝑥1] 

𝑊𝑛𝑒𝑡 = 𝒅 [𝑚2 𝒈 − 𝜇𝑘  𝑚1 𝒈 cos 𝜃 − 𝑚1 𝒈 sin 𝜃] 
𝑊𝑛𝑒𝑡 = 𝒅 𝒈 [𝑚2 − 𝜇𝑘  𝑚1 cos 𝜃 − 𝑚1 sin 𝜃] 

 
∆𝐾 = 𝐾𝑓 − 𝐾0 

∆𝐾 =
1

2
𝑚𝒗𝑓

2 −
1

2
𝑚𝒗0

2 

∆𝐾 =
1

2
𝑚(𝒗𝑓

2 − 𝒗0
2) 

 

Substitute 

𝑻 = (
𝒈

2
) [𝑚2 +  𝑚1 sin 𝜃 + 𝜇𝑘  𝑚1 cos 𝜃] = 𝑻1 = 𝑻2 

𝑻 = (
9.8 

𝑚
𝑠2

2
) [(0.140 𝑘𝑔) + (0.560 𝑘𝑔) sin 13.5° + (0.003895)(0.560 𝑘𝑔) cos 13.5°] 

𝑻 = 𝑻𝟏 = 𝑻𝟐 = 𝟏. 𝟑𝟑𝟕 𝑵 
 

𝑭𝑎 = 𝑚2 𝒈 − 𝑻2 

𝑭𝑎 = (0.140 𝑘𝑔) (9.80 𝑚
𝑠2⁄ ) − 1.337 𝑁 

𝑭𝒂 = 𝟎. 𝟎𝟑𝟓𝟎 𝑵 
𝑜𝑟 

𝑭𝑎 = 𝑻 − 𝑚1 𝒈 sin 𝜃 − 𝜇𝑘  𝑚1 𝒈 cos 𝜃 

𝑭𝑎 = 1.358 𝑁 − (0.560 𝑘𝑔) (9.80
𝑚

𝑠2
) sin 13.5° − (0.003895)(0.560 𝑘𝑔) (9.80

𝑚

𝑠2
) cos 13.5° 

𝑭𝒂 = 𝟎. 𝟎𝟑𝟓𝟎 𝑵 
 

𝒂 =
𝑭𝑎

𝑚1 + 𝑚2
 

 

𝒂 =
0.0350 𝑁

(0.560 𝑘𝑔) + (0.140 𝑘𝑔)
 

𝒂 = 𝟎. 𝟎𝟓𝟎𝟎
𝒎

𝒔𝟐
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Substitute 

𝑊𝑛𝑒𝑡 = 𝒅 𝒈 [𝑚2 − 𝜇𝑘  𝑚1 cos 𝜃 − 𝑚1 sin 𝜃] 

𝑊𝑛𝑒𝑡 = (0.625 𝑚) (9.8
𝑚

𝑠2
) [0.140 𝑘𝑔 − (0.003895)(0.560 𝑘𝑔) cos 13.5° − (0.560 𝑘𝑔) sin 13.5°] 

𝑾𝒏𝒆𝒕 = 𝟎. 𝟎𝟒𝟑𝟖 𝑱 
 

∆𝐾 =
1

2
𝑀(𝒗𝑓

2 − 𝒗0
2) 

∆𝐾 =
1

2
(𝑚1 + 𝑚2)(𝒗𝑓

2 − 𝒗0
2) 

∆𝐾 =
1

2
(0.560 𝑘𝑔 + 0.140 𝑘𝑔) ((1.45

𝑚

𝑠
)

2

− (0.00127
𝑚

𝑠
)

2

) 

∆𝑲 = 𝟎. 𝟕𝟑𝟓𝟗 𝑱 

Box Your 
Answers 

𝑻1 = 1.337 𝑁  

𝑊𝑛𝑒𝑡 = 0.0438 𝐽  

∆𝐾 = 0.7359 𝐽  

𝑻2 = 1.337 𝑁  

𝑭𝑎 = 0.0350 𝑁  

𝒂 = 0.0500 
𝑚

𝑠2
 

Check Your 
Answers 

https://amesweb.info/Physics/Inclined-Plane-Calculator.aspx  

Analysis 

𝐼𝑑𝑒𝑎𝑙𝑙𝑦, 𝑊𝑛𝑒𝑡 = ∆𝐾 
𝑊𝑛𝑒𝑡 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = 0.0438 𝐽 
∆𝐾 = 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 = 0.7359 𝐽 

 

% 𝐸𝑟𝑟𝑜𝑟 =  |
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 − 𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙

𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙
| 

% 𝐸𝑟𝑟𝑜𝑟 =  |
𝑊𝑛𝑒𝑡 − ∆𝐾

𝑊𝑛𝑒𝑡
| (100%) 

% 𝐸𝑟𝑟𝑜𝑟 =  |
0.0438 𝐽 − 0.7359 𝐽

0.0438 𝐽
| (100%) 

% 𝑬𝒓𝒓𝒐𝒓 =  𝟏, 𝟓𝟖𝟎 % 
 

• 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡𝑠 𝑎𝑟𝑒 𝑜𝑓𝑓 𝑏𝑦 𝑎 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 ~17. 
• 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑔𝑟𝑜𝑠𝑠𝑙𝑦 𝑢𝑛𝑑𝑒𝑟 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑠 

𝑒𝑥𝑝𝑖𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒. 
• 𝑃𝑟𝑜𝑏𝑎𝑏𝑙𝑦 𝑑𝑢𝑒 𝑚𝑜𝑠𝑡𝑙𝑦 𝑡𝑜 𝑝𝑢𝑙𝑙𝑦 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑛𝑜𝑡 𝑏𝑒𝑖𝑛𝑔 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑊𝑛𝑒𝑡 . 
 

Possible sources of error: 
1. The pully really does have friction. 

[The pully friction pulls Work (-W) out of the 
system in the form of heat energy] 

2. The pully spins and has rotational energy. 

[𝐾 =
1

2
I⍵2 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑊𝑛𝑒𝑡] 

3. The string really does have mass. 

[𝑊 = 𝑭 𝒅 = (𝑚1 + 𝑚2 + 𝑚𝑠𝑡𝑟𝑖𝑛𝑔) 𝒈 𝒅]  

4. Accumulating string mass contributes to 

vertical 𝑊𝐹𝑔𝑦.  [𝑭𝑔𝑦2 = (𝑚2 + 𝑚𝑠𝑡𝑟𝑖𝑛𝑔) 𝒈] 

5. Gravity (g) varies by altitude and geo 
location. [9.8 vs. 9.81] 

6. Measuring equipment margin of error. 
[±0.0001] 

7. Human error in measurements. [±0.01] 
8. Air resistance as the masses move. 

 

https://amesweb.info/Physics/Inclined-Plane-Calculator.aspx

